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Grassland is an available resource providing large areas of land as well as producing a lot of good quality forage. Improved grassland management should lead to better yields while maintaining the cultural landscape. Looking for an optimum agreement between the conservation of biodiversity and the economic use of permanent grassland is currently topical. When a particular method and intensity of sward management is chosen, it is then reflected in the forage production and quality as well as in changed botanical composition and overall character of sward (Gaisler & Fiala 2003; Nilsdotter-Linde et al. 2002) . It is necessary to adjust the intensity of sward utilisation to the required quality parameters in order to ensure adequate nutritive value and digestibility of feeds. Timeliness and frequency of cutting or grassland utilisation are closely related to the quality of forage (Turner et al. 2006 ).
An early date of the first cut or an early start of grazing has a notable effect on the frequency of grassland utilisation and on the possible stocking rate (Nerušil et al. 2007 ). The number of cuts is dependent on an optimum harvesting, which is such that provides high yields of dry matter having adequate quality. In the first cut, the maximum yield is obtained at the growing stage of seed ripeness (Jančovič et al. 2006) . The time for optimum utilisation is shorter at the beginning of growing season than at its end, when the time period becomes more flexible (Holúbek et al. 2007 ). Cutting grass early at an appropriate height of sward ensures the intensive production of tillers and enhanced yield at the second cut. The date of the second cut is less influential in terms of quality. Hejcman et al. (2010) reported that late cutting management, decreases forage quality in highly productive more than in low pro-Agriculture (Poľnohospodárstvo), 58, 2012 (2): 41−49 ductive plant communities. According to Míka (2010) , the date of the first cut should be chosen for mild and warm regions in early May, for the regions with conditions more difficult for growing grasses and legumes in late May and for the mountain regions even later. In terms of the parameters studied (crude protein, fibre and nutrient content), the quality of forage was better under high and medium intensity of utilisation, namely with three cuts than with two cuts. Crude protein (CP) content decreases and fibre content rises when the date of the first cut is postponed (Gaisler & Fiala 2003) .
The objective of this work was to determine optimum cutting frequency at permanent grassland from the viewpoint of quality and quantity of production.
MATERIAL AND METHODS
The research was performed at productive grassland ("Suchý vrch" site -near Banská Bystrica; altitude 460 m; the mountain ranges of "Kremnické vrchy" and "Starohorské vrchy"; warm to medium-warm agro-climatic region; dry sub-region) over [2006] [2007] [2008] [2009] . During this research period, mean annual temperature was 9.28°C and it was 15.86°C over the growing season; mean annual rainfall was 843 mm and it was 401 mm over the growing season. The soil at the research site (geological substratum) was Cambisol; the soil texture sandyloamy to loamy, medium deep to shallow; the initial pH (KCl) = 6.68; available nutrients: P = 13.08 mg/kg and K = 215.63 mg/kg. The research trial studying the sward utilisation was established as randomised blocks with four replicates, plot size 1.5 × 10 m (15 m 2 ). Four trial treatments were as follows:
Treatment 1 high intensity of utilisation -4 cuts (the 1 st cut before 15 May, the following cuts 45 days later); Treatment 2 medium intensity of utilisation -3 cuts (the 1 st cut between 16-31 May, the following 2 cuts 60 days later); Treatment 3 low intensity of utilisation -2 cuts (the 1 st cut between 1-15 June, the 2 nd cut 90 days later); Treatment 4 extensive utilisation -1 cut (plus the 2 nd cut if and when necessary). The production was defined as fresh herbage weight at the research site. Chemical analysis was made of herbage oven-dried at 65°C and the production was determined as dry matter (DM) content. The sward quality was analysed in the samples taken at all the treatments and cuts. The following organic and mineral substances were determined: crude protein by the Kjeldahl method (N × 6.25); fibre by the Henneberg-Stohmann method; the contents of P, K, Mg, Na and Ca were determined (Table 2) . By comparison with the other research years, 2008 was the year when above-average rainfall was recorded over the growing season and the highest monthly amount of rainfall (159 mm) was received in July of 2008. The year 2009 was an exception when the rainfall over the growing season was only 328 mm. This was the lowest rainfall recorded throughout the research period, the decrease by 138 mm in comparison with the previous year. In 2009, the air temperature was above-average, but markedly below-average rainfall was recorded, similarly to the other research years.
In 2006, the soil reaction was neutral (pH 6.65-6.77), but the pH increased to 6.74-6.83 in 2009. The highest increase in pH (by 0.15) was recorded at Treatment 1 (high intensity of utilisation). The pH value was 0.13 higher (from the initial 6.70 to 6.83) also at Treatment 2 (medium intensity of utilisation). Only a low increase in pH (by 0.06) was found at Treatment 3 (low intensity of utilisation). An exception was found at Treatment 4 (extensive utilisation) where the pH decreased slightly. The soil agrochemical parameters recorded before and after the trial period are given in Table 1 .
The dry matter production was influenced by the intensity of grassland utilisation, which was given by a different number and different time distribution of the cuts. Table 3 presents the DM yields when differentiated sward management was applied at "Suchý vrch" site over the four research years.
The highest total DM yield (2.82 t/ha) was recorded at the most intensive Treatment 1 (four cuts) in 2008. By comparison with the other treatments, the highest total yield (2.66 t/ha) was recorded in 2009. Every year, DM production was gradually rising due to the intensity of utilisation, but decreased slightly in 2009. In this year, there was the lowest total rainfall (328 mm) during the growing season and DM yield decreased at all the research treatments. Treatment 2 (medium intensity, three cuts) was characterized by low DM production (1.65-1.80 t/ha) in the first two research years. At this treatment, the lowest production was recorded throughout the research years. The data in Table 7 show significant effects of the years on DM production (P < 0.05). A comparison of Treatment 3 (low intensity, two cuts) with the rest of the research treatments showed that the highest DM yield of them (Table 3) . The extensive Treatment 4 with one or two cuts during the growing season also yielded more than the treatments utilised by more frequent cutting. The DM production kept rising, but dropped dramatically to 1.80 t/ha as a result of low total rainfall in 2009. At Treatment 4, the highest DM yield (3.46 t/ha) was recorded in 2008.
The results clearly show that the sward utilised by two cuts yielded more DM than that mowed several times a year (four cuts), as shown by the significant effects of the cutting frequency (P < 0.05) on DM production (Table 7) . Similar results of methodically comparable trials were reported by Buchgraber and Pötsch (1994) , Strežo (1997) , Gaisler and Fiala (2003) , Kašparová and Šrámek (2007) as well as by Štýbnarová et al. (2010) .
The research results are similar to those reported from other sites (Kohoutek et al. 2005; Skládanka & Hrabě 2008; Pozdíšek et al. 2002) and testify that the volume of DM produced from grassland is influenced not only by the specific meteorological conditions in different years, but also by the sward management techniques. Similarly, as based on long-term experiments, Gruber et al. (2003) pointed out that there is a decline in the productivity of grassland when the cutting frequency increases, especially in the four-cut regime.
Crude protein ranks among the decisive parameters of nutritive value of herbage. Table 4 shows that an increase in CP content was recorded at the 2 nd cut of Treatment 3 (low utilisation intensity; two cuts a year). In 2008 however, the CP content was very low (79.26-83.31 g/kg). At the extensively utilised Treatment 4, the highest CP content was also found at the 2 nd cut. The year 2007 was an exception, because the CP content decreased to 109.36 g/kg.
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The data in Table 4 show that the investigated parameters of DM quality (CP, fibre) were better at the very intensive and medium-intensive Treatments 1 and 2, respectively. The content of CP was higher at the treatments with more frequent cutting than at the twocut ones. This agrees with Gaisler and Fiala (2003) and Hrabě et al. (2005) , Pontes et al. (2009) and Pozdíšek et al. (2010) who came to identical conclusions. Nilsdotter- Linde et al. (2002) found better DM quality at the three-cut treatments than at the two-cut ones. The content of CP was decreasing and the fibre content was rising when the date of the 1 st cut was postponed, as shown by the significant effects of different utilisation intensity (P < 0.05) on the crude protein content (Table  8) . Similar conclusions were reported also by Razec et al. (2002) and Gruber et al. (2003) .
It was found that the fibre content in DM of herbage was rising at the lower intensity of sward management (Table 5 ). This agrees also with Kašparová and Šrámek (2007) who reported that depending on the intensity of utilisation, the fibre content at their two-cut (extensive) treatment (315 g/kg) increased to 145% in comparison with the four-cut treatment, which is related to increased aging of sward under such management. In our research, the highest mean fibre content was found at Treatment 3. When the utilisation was rising, the content of fibre was decreasing and that of crude protein was increasing. This is in agreement with the conclusions reported by Novák (2008) .
A range of nutrient content in forage is very large, as a result of site conditions and species composition of sward. Klapp (1971) defines that the content of P in herbage DM is about 2.8 g/kg, and according to Hopkins (2000) it ranges from 2 to 4 g/kg. The highest P content was recorded at the treatments with high frequency of cutting (Table 6 ), as reported also by Ržonca et al. (2006) . In the presented research, the lowest values were recorded in sward under the extensive utilisation. The phosphorus content kept rising from the first to the last cutting except for the extensive Treatment 4 where the P content decreased to 3.28 g/kg at the 2 nd cut. This agreed with conclusions by Míka (2010) . Similar results were reported by Britaňák et al. (2009) , but the experiment investigated only two-cut utilisation. The later dates of the 1 st cut resulted in decreasing P content at the research treatments. In the 1 st cut, the 58, 2012 (2): 41−49 Agriculture (Poľnohospodárstvo), 58, 2012 : 41−49 P content was 3.49 g/kg at the four-cut Treatment 1, but it was only 2.81 g/kg at the two-cut Treatment 4. Holúbek et al. (2007) defined the acceptable range of P content in 1 kg of DM between 2.8 and 3.3 g/kg. The highest potassium content was always recorded at the 1 st cut and it kept decreasing by the end of growing season. Similar conclusions were drawn by Fiala (2005) as well as by Novák (2008) . On the contrary, the three-cut Treatment 3 was an exception where the content of K was rising toward the 3 rd cut, namely from 16.47 to 18.02 g/kg. However, Ržonca et al. (2006) of Ca had the opposite course and was increasing at all the research treatments. The content of Na was low at all the research treatments; however, it was rising from the first to the last cutting. From the viewpoint of animal nutrition, Na content was deficient, which is true of most grassland. Therefore, animal feeding rations are supplemented with mineral licks, as noted by Míka (2010) or Jančovič et al. (2008) . The content of Mg was increasing at the two-cut treatments, however, any significant effects of the intensity of utilisation on Mg content were not found. There was an increase in Mg content also at multiple cutting (three-and four-cut treatments), but decreased slightly at the last cutting. The lowest content of Mg and Ca was recorded with the low intensity of utilisation (Treatment 3). The highest content of mineral nutrients was found at Treatment 1 (four cuts) and was decreasing towards the two-cut treatment. Similar results were reported by Lichner et al. (1983) , Kohoutek et al. (2005) and also by Nerušil et al. (2007) .
CONCLUSIONS
The research into grassland utilisation without fertiliser application from the viewpoint of the quality and quantity of production was carried out over 2006-2009 and the following simple conclusions can be drawn:
The intensity of utilisation influenced the DM production which was higher at the two-cut frequency than with more cuts (three or four) applied per year.
The highest content of mineral elements was recorded at the four-cut treatment, but this content was decreasing in the treatments applying the utilisation by two cuts.
The crude protein content was higher under more frequent cutting (high and medium utilisation intensity) than at the two-cut treatments. The content of CP was decreasing when the extensive utilisation was rising. The fibre content was rising when the intensity of sward utilisation was decreasing.
The highest content of P and K was found at the multiple-cut treatments. As the growing season was coming to its end, the K content was decreasing, but the content of Ca had the opposite tendency. The content of Na was low at all the research treatments.
Considering the parameters of quality (crude protein, fibre, minerals) and quantity, the high cutting frequency (four cuts per year) appears to be an optimum utilisation regime for the grassland without fertiliser application.
